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AIMI.net: SO]ar activity regions are ftc(]uc~i[]y conccntra[c(l into cluskrs  which  ]mrsis[ for m:iny

solw rot ~{t ions. ‘1’hcsc  ac[ivity conlplexcs  :Irc associittcd with weak dispersed ]n:ignctic  fields

which arc, most apparent  after t}lc activity i(se]f }m ccascd. We cal] this conlbinillion of persistent

aclivity  nn(l (lispersed  fIcl(is  }ivolvin~,  h4:l:nc[ic  SIIUCILIICS (1 ?N4.S). 1 lerc wc show cxomplcs  of

1 ih4Ss and dcscribc tk cvolutio])  of WI 1 ih4S associ:lted with m:tjor Coronal h4ass l{jcctions  ((34 [;)

and olhcr so]ar ancl m:lgnctosp])cric (Iistllrl)[l]]ccs.  \VC s]low t}):lt Ch41 iS OCCLII”I’Cd (hrollgho[l(  (}K

history of this 1 iMS, WC find tha( tl]c tinlc SC:IIC for ilnlmr[an[ cvolu(ion:u.y  changes it) (he 1 lMS is

:~bo~lt  q to 6 WCCk S, i.e. :\bOLl[  :1 COIIj]I]CIC SO]:II.  ro(:~tio[) 01 II)OIC. ‘J’l ILIS stlidies of ir~di~~idu:ll  l{MSS

re(]uirc tl~o[  each 1 ih4S be observed cent inuous]  y for sevcrat weeks,  necessitating observations of

both sides of tllc Sun.

1. l})troduction

IIlllllb:l  :111(1 } loward  ( ] 965) stu(lic(l t}le (]is[ritl~l[ioll  of :lctivc  I’cgiolls  :Itl(l of \Vcak  ma:,t~c[ic  ficl(ls

011 the sun. ‘1’hcy concludc(l thlit ac[ive  rc:,ions lvcrc collccntratcd  into conlplexcs  of activi(y

associatc(l wit]l  tbc dcvclopIIlc  IIl of ]argc I cgions of dispersed Ill:lgl]ctic  fields. ‘1’0 emphasize (he

Close relation of the complexes of ac[ivi[y  atd  ttlc rcgi(ms of dispersed fields \vc su~:,cst ~lmt they

Im cmsidcrcd  to bc onc cmti[y which wc cIIII f [volving M;lgnc[ic  Structures (1 ih4S) (l;CynmaTI and

1 IUndhauscn,  1 994), ‘1’llis  nanlc a]so cln])lmiz,cs  (hc fundart)c[ltal  magnetic and evolutionary

natllrc  of bot]l phenomena, 1 (N4SS arc j)mbab]y closely rcldtcd  to the evolutionary stmcturcs

dcscribcd n]uch earlier by Kicpmhcucr ( 1953) from 1 la observations of sunspots md filaments.

1 lc rcportd  that in tlwir car]y s[agcs sunspots c.IncI p,cd aud there were fcw if any filaments. 1 ater,

as IIlorc act ivc rcgi(ms cmcrgc(l flaring occurIc(l aIId fl [:ltlmnts  bcp,:ltl (0 forln, le.ng[lmn ;ind rotate

[oward m CM -west direction. in the final sta~,c, scvc.ral  rotations later, {k spots lml all

(Iisnj)pcard, flaring lId ccascd :md (rely lmgc scak  quicscen(  fil:ilncnts rc.maine(l.

IIy IIOW st:itis[ical  studies of sol:tr ac[ivity  have (lcl~lc)l~stl:~(c(i  cone.lusivc]y that solar activity md

Cnlcrging  so]ar  flux arc no t  distribldcd  N rdom on the, solar smfacc (Gaimuslas  d :t]. ] 983;



,,

2

Bmuwer and 2, WMII, 1 990). ]nskad there  is a strong tendency for the ncw flux to appear in

cet[oin tc.gkms. Magne[ograms  clearly show distinc[ patterns  in the photosphcric  magnetic field that

persist for many ~nonths ((iaisauskas C( al, 19!33). 1 larvcy an(i Y,waan ( 1 993) found th:lt al. least

55% of all spots lnrgcr tlm 3.5 squat dcgrccs eIIIcrgc  as par( of ac[ivity nests. Ncw ma:,l~ctic flux. .

and sunspots CINC.IS,C.  over and over again withiu tl]csc 1 \M,S pntkrns. Gainukm d 81. ( 1983) gave

at) c.xatnp]c  of a pat(ern that Iaskd for 6 months and contained 29 major active regions. Afkr

scvcrd rotations tk cmwgencc  of ncw sLltlspots  ])lay cease bu( (iispcrscd  nmgnctic  fields may still

be SCCII. Sometime.s, after onc or two ro[:ltiolls  Wi[]l only dispersed fields, ncw stinspots  ng:lin

a] JIK’ar and flaring rc.sumcs.  1( has been pro]mscd  thilt tllc c]ustcrcd sunspots mdy rcprcsc[lt t}lc

sLlbl~~CrgCd  flL]x 10C)}) a r c h e s  from Whit]]  :~ctivc  reg ions  ICpC:IIC(lly  CIIICIg,C  (7,WMII iII)d 1 li\~\’c.y,

1994).

]ii~l]]~  ] ShOWS  [III CX:III)plC  of [III llh4S at SO]nr Ininitnum,  ]{ach  of the six ]MIICIS  is a synoptic ]))iil)

of the. photospbcric  ]])i\g]lctiC  fic]d intensity [is lllC:lsL1l’Cd  by the Nation:]]  SOlar [Wscrvatory at Kitt

]’c:Ik. A synoptic I])ii~)  is pI’OdLICCd  fro]]) dai]y  ]l)ciislll’c]l)cIlki  by showing thC lllil:[lCtiC  f]llX :1[

CC1ltrd  meridian p[lssagc  COllCCtC(l over t]lc 27 daYS Of the sol:u’  l“Oti\tiOt).  ‘1’IIC figure is ii ~1’il}’  SC[ll  C

prcscntatiol~  in which  thC fillx i s  rc])IcscI~tc(l  il) [l (Iill”k  (fic](]  i[)to []IC SLII))  illl(l  ]i:llt  (flC](l ollt  @f tk

Stln) scale. 1 ,ow field intensities appc:lr as grdy. ‘1’llc six panc]s of the figure show flclds observed

bctwccn the Cquatol’ and a ]at itudc of do dcgrccs soLlth dllrin~ six successive. rotations of the Sun.

NO(C tll:lt ktwcc[~ 80 d ]20 dcgrccs  SOIIII  ]ol)gitudc  t])crc is il Stl’llCtlll’C in the ma:)l]ctic fic]d t])iit

rclurns with cacb rotation but evolves from OIIC rotntion to the Dcxt. Sunspots atld  ncw]y cmcr:in~

Iwlgnctic  ficlcls  arc observed in (hc first 3 or 4 ro[a(ions shown, but in the find ro(:{tion.  only

dispersed fields arc sc.c.n. ‘1’hC. lIlii:,l)CtiC  fiCl(l  p21ttC1’11  h:iS silnplific(l  illl(l  :1 lllil:,llCtiC  J) CLltl’ill  l i n e  i s

CICilIl~  SCCII. ‘1’his  is tl)C t y p e  of lna:,nctic  flcl(l  strllc[llrc  itl which  fili\ll)ClltS  f o l ’ i n .

3 ,  C’A41t’,Y and l{AifSS

(~N41is  arc MSOCii\tCd with mijor flares and with fi]amcn[  eruptions (GoslinS ct al., 1 974;

h4tlnro  ct a]. ] 979; wcbb  [III(]  ] ]utldh:iLlscl~,  ] 987), 1,ikcwisc C~h4} k :Lrc :issociiitc(]  w i t h

shc:\rc.d  lnagnc[ic f]cl~ls arl(l  w i t h  {]M CJnCrgCIKC of ncw ]]li~p,tlc(ic  flllx (I ‘c.ynll~:\)I  :tl)(l

h4:trtir~. 1995]. in all cmcs, a])parcnt]y  t}m same type Of ]: Irf,c.sc[ilc coron:il  strudiirc is

dc.st:ibiliz,cd  and leaves the Sun (l Iulldhauscn, 1 994). ‘1’ypicxd INitudinal  widths  of these

strLWlircs  arc about 45 (icgrccs (Illu’kc])ilc and St, (:yr, 1 993), much lar.gcr than the. scxilc

of the undc.r] ying flare or filamc.nt,  II has bc.cI~ argmd (1 kynltuin  md Martin, 1995) that,



with the. possible cxccption  of the initial acce.lcration  profile (MacQucen  and I;ishcr,  1983),

no cleat charackristic has been icle.ntified  tlm[ distingL~ishes  between (:Mtis associated wi[h

flares, and those associa(ec] with quicsccnt  illament cmption, or lnagnctic.  shc:ir  or newly

erupting  f!Llx. “]’hiS sLlggcsts  that al] CM I is, w]lakvcr their association, arc initiated Wi[hin

the same type of large-scale, well organi7.cd,  magnclic field regions (I ILln(ihallscn,  198S;

licynmanand  }lundhaLlsem, 1994). Since an l;h4S is a sing]c  en(ity thal involves flarin:,,

active regions and qLliesccnt  filaments, ma~,nctic  flux eruption and magnetic shearing,

};cy]]l]]:it~:~t](lMnr[irl  (1995 )}]avc sllggcstc(l  [ll:it  CA4f{st:ikcl  >l:\cc.clllli~l:  all sta~es ofthc

evolution of the I\MS and the Ch411k  arc associatd  with flares or risinp,  pronlincnccs

(disappearing filaments), ancl erLlpting  flux O) shear clej)cnding  on thr sta~,c of cvolu[ion of

the IiMS.

4 .  An active  Sun EMS

]nhflarch  ]989aI~:~ctivc  Icgiol)  ])Iocl~lcc(l aseIicsc)f ama@r(:h41{s,  a lar~,c solar encr~e[ic

])lotoll  cveIltall(l:~  vcryirltcrlsc  gcoll):iglletic  st(Jl[ll(c.  f. 11’cynman  and llLlndhausen,  1994

and references therein). ‘1’he.  active region was a return of one that appeared on at least onc

]mvious  solar mta[icm and rcappcarcd  on the following rotation (Joshi,  ]993), thL]s

qualifying it as an IiMS. }Icrc we dcscribc  tl]c evolution of that l;h4S and  its r~’la[ion 10

(;Mlis throughoLlt  its evo]Lltion,

] ‘igLIrc 2 shows stacked synoptic maps fmm the North

1988 ((Barrington Iotation 1809) through May, 1989

Sc)l:ir  llc]llisl)})clc’f  Ic)J~l  Novclnber,

(rotation 1815). ‘1’his v+as a vmy

active .pe.rid ofthc  SLln and there were ninny liMS canclidatcs. As in the case of the }tMS

shown in l;igurc 1, changes in each of the :Ictivi[y  centers took place during a sing]c

rotation. At so]ar lllillillllllll  it was silllp]c to Llll:lllltligLloLls]y identify [Ilc rcturils of tllc.

]iMSbcc:iLlsc  tilcrcw~as  very litt]ec ~tllcr:ictivity.  llo\\cvel,illli:,  Lllc2,:l] tl~(JLlgll  it is clear

that activity centers rctL1rn, it is some[inm  difficult to choose amen?,  tlw ]mssiblc

lcclllle.rlc.c.sof  a~>:irticLllarccl  ltcr.'l'}lcrcgioll  tha( produced ttlch4:ttcl)c  ve11(sti1>]>cars onthc

tl~i~(ls tli]~fr  ollltllcb(  )tto~llal~cl:i  t:is(~lallc~  llgit\\(lc  of aboLl[  250 degrees, .loshi (1993) has

icic.ntifie(l  rclt]rns on the previous and the following rotation as shown between tl]c white.

lincsin  thcfigLuc. I’hcdat:  ishow evidence.that t}]is I{MS existed durin~,  three rotations

before those.iclcntifid  by Joshi. “1’hc adivity  during the rotation after the h4arch  events

(sccc~l~(l  stri]~flc)l~~t  l~cbottc)l~l)u:lsI~  ltlclI(l  i~llir~isllc(l,  C)l~[l~c llcxtlO[:itiot)  c)l~lycl is]]cIsc(l”

fields were seen. “J’hc rotation af~cr that (not shown) also showed only dispersed fields.
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‘l”hc rotation MC. of the 1 jh4S was a litilc  lCSS than 27 days. “1’his is in agmnmnt  with the

findings of Gaimuskas d al. (1983) who rc~mrtd that each 1 \h4S has ils own rotation rate.

]iMSlll:lgtlctic  flLlxcllarlgc.s hct\!Jce.llr  ettll'ilst  tll[\(l[lrillg{  lisk  passage. Arollg}~cs[i~ll:itcof

t})cfluxinarcgion  can bcob[aincd from the arcaof the sunspots. ‘J’hc arms arc mutinc]y

determined each day from full disk observations. l:igLuc  3 gives an indication of the flux

history forthisl{i14S. ‘1’hcfi~uregives  an cs[it]la[eof the arc:i  of the sunspots when the

adivc region was al (X) de.gre.cs  liast and 60 degrees West. “]’he };ast and West longitudes

arc chosen 10 bc equal  so that projcc[ion effects will not affect the mlativc ftux

(lclcllllill:ili  ()n.rl`llcs  Lllls]jota tc:\sar  cgi\~erliI\tlllits  of lo-60f  the visib]c solar hcmisphcrc.

‘J’hc sunspot areas for (I]c h4arch rotation, (he prccedlng  2 rotations, and the follm’ing

rotation arc shown in l:igurc 3. A solid line cc~lll~cctil~g]]oil]ts  indicates that the region was

on the. observable faccofthcSLm. If there is a dashed line the rep,ion was too close to the

lllllt~or ol~tl~ef  iirsi(lcof tl~cStll~.  lnthcdiscLission  [hat follo~t~sthcro[:itioll  in whichthc

h4archcvcnts took place will bcrcfcrrd teas rotation (), the prcccdillg  rotations will bc

called -1, -2, etc. and the following ro[ations  -1 1, +2 c.(c.

] Ming  mta(icm -2 thr sunspot area incrcascd  from abmt 1 S() to abou( 1400” ard the spot

coLInl incrcmccl  fro)n about  8 to  2“1 .  Remarkab ly ,  ill  spite of this large qLlaIltity  of mncrging

flux, there was only one class N4 X-ray flaw during that rotation. ( X-ray events are

c]assificd as ~, h4, and X, {; indicates 10“6 W/In-? and h4 and X am each onc factor of 10

higher.)

]ly tllc. tinlc  t]lc 1’,MS l’cap}mat’ed (rotation - ] ) the area ]Iad fur[hcr inmcasd  to aboll(  1800”

:111(1  thcl’c  Wclc about  32 spots. l)uring  rotation -1 ni~lc ?(-Iay  flares of class h4 or  above

took  ])];ICC and bot]l the’ N’Ca [111(]  spot COU[lt  dCC1’CMC.(i by about a facto]  Of two. ‘]’]lC 1 ;MS

appcard to bc declining.

Although rotation -1 showcct  waning  activity, by rotation () the area had recovered to 2000.

} ivcn tmforc the spot gIOLIIJ  ha(I come over the I ;astc.rn limb a series of hip,h  SJICCd Ch41 k

Id begun (1 ‘cynman  and 1 lundhausen,  1 994).

1 Wing the O disk passage the area re.achecl

sunspot lnagnctic  confi~uration  was highly

as “stl]>el:ictil’c”. ‘1’hc active  region was

3 0 0 0  an(l  the sLlnspot  Ilulnbcr  1’CXJKXI  50. ‘1’hc

complex and Joshi ( 1993) classified the region

[he most prolific X-ray ftarc ~moduccr  in the
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prccding  15 years,  ‘1’helc  Were Scwmd SPCCIXLI][lI SLl(kkIl cmrgctic  solar events as (11C

center of activity was cauicd across the face of the sun (Abbott d al., 1 993). “Illcse  inclllde.

a March 6 event during which the G()] lS X-ray monitors went off scale, ‘1’his was

es(inmtcd to be. a class X 15 cwmt, the l:trgcs[ ever seen to that date, or] March  9 a X4 event

OCCL1l”J”CC].  March 10 ]]ad al] X4.6 event that  caused  the f,colnag!lctie  stortl~  of Mat’c}]  ] 3

which includc(]  the most distLubcd  24 lIOUI  interval in 120 ycm (A]IM  C( al. 1989). On

Marc}) ] 6 a ~11 flare OCCLltIC(]  accompanied by bright surges over 34 de.grccs in extent. All-

tc)gcthcrdurirlg  disk pass:igc () (Ilc,re,  WCK 35 class M ft:urs imd ar) additional  10 class X

events. At least  195 indivi(lml optical flwcs WCIC observed. ‘1’hrcc mlt;s  were observed

(h4arch6, March9,  andh4arch 17). "l'llc:issoci:~tc(l  s(Jl:~r cllcrgctic]  }articlccvc1lt  was k

lw’gcst since ]972. NODC  of [his activity coLIld have, been prc(iictc(l  bccaL]sc t})c rc-

cncrgimtion  of the };MS took place whik  it was on the far side of the Sun.

Wl~cl~ttlis  liMSw:~s:it  60cic.glccs\V cst:ll~(l about togo over the lin~b its area was almost

thcsamcmit  lli~(lbccl~a  tcclltriill l~c]i(li:ll]~~  i~ss:igc.ll  ()t~c~'cr,ullilcit  was unobserved, cm

tl~cfiirsicicoftl~cSLlt~,  the suns]m( :uc;i  a]]cl nulnbcr declined ]}rccipitous]y. Only ;i small

WCii  ( 9 0 )  and H f C W  Spots  (-~) W]l  CIC ]M’CSCII[  011  thC + ] lCtlll’1),  ]t WOII](]  }HIVC  b e e n

c.xtrcmc]y  interesting toobscrvc tllc~)llcIIc)II) cI);t associated with this prccipi[om  decline of a

“supcmctivc”  region.

Not unexpectedly, there.  were no SLIIIS]’)OIS  durin~l tk -t 2 rctLwn. ] ]owcvcr a huge Cjuicsccn[

filalncn(  hacl dcvc.]opcd,  ‘1’hc filament chan(]c]  it)cludcd  tllc ncuttul  line of the dispersed

flcldsbu( was much longer.  “1’hcfilan)erlt  was over 160dc:,1ccs  in lo]lgitudc and ovcr60

clcgl”ms  ill ]:ltitllc]c.  ]~Llrillg  this disk pass:igc  8 SC’CtiOIl of the filaIncIIt  rILIJ)tcd. A SCCtiOll

also clisa]y>carc(l  during rot[ltion +3 (not sho~vn).

st[](lics  oftl]c.c  ;h~]jhis[()~yo  ft]]is~lhfls WCIC]I~IllpCICCl  by (I1C USLI:{I difficulty that (lMt;s

arc only visibk  when tbcy occ Lu’ within 2.5 days of limb passap,c. ]1’urlhe]mo]c,  ~Mt;s  :ilC

oftc.n not ccntcrccl over the associated active region (Ilarlison and Simc, 1989). “1’ab]c 1

lists CIMI;st}]at  c:trll>c  lc:lsol):lt~ly:  iss[~ci:ttc~l~  ~itl~tl ]e.:icti~ityc()  ~~lj>lcx  ncarthc  limbon  the

bmis of thc(:Ml  {position  and tii~~cofc.rL]]~tic~]~, ‘1’}lcclat:lalcfrol~~  J]urkcpilc  ancl St.~yr

(1993). ‘1’hctablc  gives the. date of the Ch41{ and the lati[udc  of its center. Durinp, four

consecutive mttitions (-3 to O) eight 04tis  were observed at :tbout the comet p]acc and

til~lc.  "l'llc.ll:ist  al~tI\Vcst  lililb~h41is  (lllliT]g~  ot:~ti()t~  () havcbccn  described at lcllgth in (I1c
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likrature  (Fcynnmn and IIunclhauscn,  1 994). “J’hc consistency of the. west limb position for

four C;Mlk observed on three (ljffcrcn( lo[atjons  is renl:lr~ab]c. ])llrjng [}lc Iet UINS :If[cr

rotation O no ~MEs were seen when the active rcgicm woLI]d have bum near the limb.

]]owc!ver, since filament eruptions nmmd]y  c)ccLIr  in association wittl (~MI is (C,f. ~icynman

and Marlin, 1995), continuing ~Mli activi[y can be. implicxl  from the two filament eruptions

t]mt OccLm’cd  dLlring  ro ta t ions  +2 and -t ~. ‘1’hus  cMl ~ activity occllrrcd  (] Llring al least  six

relations of this I{ MS.

s, ]J[~~~l~(i  ]j~fs  st~](]j~s  . observational difficulties and their solutions

l;MSS have typical lifetimes of(i months or~nolcdLlring  which they may rc])ca(ed]y  give rise to

corc~ll:ll  lll:lss  cjcctic)rlsat)(l  lMVC impmlant solal-tcrlc.stritll  effects. “1’hc extraordinary tendency for

l’C])C:ltC(~ flLIXClllC1~CIICC  OVCr  SLICll  ]OI)g[ill)c  ]) Crio(lS:lll(]  t]lC W C ] ]  O1(kI’Cd  diSJWJ’SC(]  fiC]dS  SLl~~CSt

t~lat]iMSS:il`c  fLII)CiaIIle.rlt;l]  cl)tilies  for Llrlr]cls[:lt)C]  itlg the solar cyc]c  and  the  so]ar  d y n a m o .  ]n t h e

cx:t!~~])lcs tLlclic(l  h e r e  d a i l y  o b s e r v a t i o n s  showed that the ]IMS fl~]x built to a nlaxilnum whik  (IK

l’CgiOIl was OJI thC faJ” Sic]c Of thC SLII),  JIMJO1  C:MIis  tOOk place W}]CD thC rCgiO1l  was on tlliS Si(k Of

the Sun and the region exhausted itself prccipitoLlsly  w})i]c on ttlc far side of the Sun. ‘1’hcsc three

impor(ant  S(C.pS  in the Cvollltion,  build Lip, C;MI ~S and dec]inc., took ]>lacc during a I)crio(] Of i~b~t][

ODC  anc] a ha]f so]ar rotations. ‘] ’}ILIS there is a SCliOLls Obscrvation:il  c]ifficu](y. Assumitlg  onc and a

half solar ro[ations is a typical time.  scale, not all of the crLlcial  cvo]utionary  steps for a single 1 jh4S

can bc. observed. in the. case C]iscussed  here the bLli]ciLlp to Jmxinlllm  N)(] the l’a])id dec]inc u’hcl’c

not ac’tlldly Observed.

‘1’his observational problcnl  has p]aguc(l  stdies  of lih4Ss and contribLl(cd to the curioLls  situation

th:i(, although J iMSs appc:ir to be fundanlcn(d  to the operation of the solar d yn:imo,  vcf’y lit[lc is

known about them cxccpt  that tlmy exist  and :ii c. common. 1 ndividLml  1 ;MSS have lifct  imc.s of ]nany

111011[]1S  [111(1 W C !  have  shOwIl  hc!rc that  i m p e l ’ [ a n t  Cvo]ll[ionar’y  C] I:LII:CS Wi[tlil]  [llCIII  Iakc p]acc  011

tilnc  scales of weeks. “1’bus, if they are ObSCIVCd  ]IOUI’ly or daily from  on]y OIIC si(lc  of the Sun, t]le

C. VOILltiOJl:U’y ChNl~C.S Withi I) W]y OIIC i[K\iVidLld  CVO]Vil)~  StI”llCtllI’C  Call Jlot bC SatiSfKtO1’ily

followed. III fact, withoLM observing the other side of the SLIn, it is often difficLllt to dctcrminc

WhCthcr  or not an inclividLml  sLlnspot grou]) appcarin,g  on the cast limb is the return of a :,roLlp last

seen 13 days earlier disalqmaring  over tllc wc.st  ]in]b. SinCc these pl]cnonwl]a incl Lldc some. of the

lnost imporlant entities for LiIl(icrst:tllclillg  tl)c operation of the solar activity cycle, the initiation and

accc]cration  of ~M1is and forecasting and monitorirlg solar weather, it is vital that the handicap of

siIl&lc.-sol:~r-llcllli  s]>}lcrc  observations bc ovcrcomc.
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ThC IIKXt straightforward wny to accomplish this WOU]d l)c to S(:ItjCMI a spacccr:lf[  so [}KI( jl views

tk other side of the Sun continuously. Al] orbi{ thi~t  accomplishes this has bem identificti.  IIato

from the o(hcr side of the Sun (combined with whatever obscrv:[[ions arc t:iking place on this side.

of the Sun) would allow the, liMS to bc observed 20 of the 27 days of a solor rotation. (I)min:  the

other 7 days the. EMS would  bc too C1OSC to IIIC lirllb,) Obscrv:i(ions  of l~MSs would  then bc

COIltillUoLls  e.rlollgh  t o  stlldy t h e  cvo]utioIl  of itl(iivi(illal  ]  jh4Ss. such obscrvalioIls  woll]d v e r y

much facil i tate studies of  [hc role I{MSS play in the solar cycle and in the opcrtt[ion  of I1)C dynmno

[Parker, 1 978; Zeldovich  et al., 1983].
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l’igurc captions:

l;jgure 1. Stackcci  synoptic maps of the photosphuic magnc[ic  field during solar minimum. ‘1’hc

car] ics[ mtat ion appears at the. top of the. figure, 1,at itudcs bctwccn  z,cro and fwl y degrees soLIth  arc

shown. An 13MS is SCCn  at abotl[  90 dcgrccs solar ]ongitLldc.  (data from hTSO/Kitt }’cak).

J:igLm 2. “1’hc. same as figure 1 but for an active solar period. 1.atitudcs slmvn arc bctwccn  5

dcfg’cc.s  south and 50 degrees north. ‘l’he } iMS associated with the h4a1c11 1989 events :Lppcars

bclwccn  the white ]incs.  ‘1’hc active ccntcr  associated with the h4aIch  events thcmsclvcs  is seen in

[hc third strip from the bottom.

];jgU1’C  ~. An estimate of SLlnspot area in the ]{h4S CiLlring four retLll”ns. ‘l’tic tilnc sca]c is in days,

and the Ycro day is chosen to be the time when the region was at 60 dcgrccs ]iast on rotation -2.

‘1’wo data points arc given for each rotation , when the active region was 60 (icgrccs }iast and West

of cc.ntral  meridian passage.
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